Introduction
Aldosterone secretion from the adrenal zona glomerulosa cell is affected by small changes in extracellular K+ concentration both in vivo (Funder, Blair-West, Coghlan, Denton, Scoggins & Wright, 1969) and in vitro (Kaplan, 1965; Muller, 1965; Haning, Tait & Tait, 1970; Boyd, Mulrow, Palmore & Silvo, 1973) . However, whether this effect is mediated by changes in intracellular K+ (Boyd et al., 1973) or solely by external effects of K+ at the cell membrane is not established. The major difficulty in elucidating the mechanism of the effect of K+ on zona glomerulosa cells has been the absence of any published data on changes in intracellular K+ with stimuli which affect steroidogenesis. The view of Boyd et al. (1973) that changes in intracellular K+ mediate the increased aldosterone biosynthesis associated with potassium loading in vivo, or the effect of K + in vitro, is based on indirect evidence. It has been further suggested (Davis, 1972 ) that changes in intracellular K+ might be the mechanism controlling aldosterone production in a variety of situations including sodium depletion. However, the evidence to support this hypothesis (Baumber, F. A. Mendelsohn and C. Mackie Davis, Johnson & Witty, 1971 ) is based on measurements of K+ content of whole adrenal cortex, which includes that derived from all cell types in the adrenal cortex and an unknown contribution from extracellular K+ .
Because of the difficulties in measuring changes in intracellular K + in intact adrenal cortical tissue, it was decided to reinvestigate this problem in suspensions of dispersed single cells where reproducible samples of known cell type can be prepared and the contribution of extracellular potassium measured to permit valid measurements of intracellular K+ (Mendelsohn &Warren, 1975) . The present paper is a report of measurements of changes in intracellular K+ after the addition of agents designed to alter steroidogenesis of isolated zona glomerulosa and fasciculata cells in vitro.
Methods
The preparation of adrenal cortical cells by collagenase dispersion and their use in incubations in vitro to measure intracellular potassium, water spaces and corticosterone output are described in the preceding paper (Mendelsohn & Warren, 1975) .
The 'standard medium' used was Krebs-Ringer bicarbonate containing glucose (1 1.1 mmol/l) and bovine serum albumin (Pentex fraction V from Miles Laboratories Inc., U.S.A.; 40 g/l).
[K+]") of the medium was 3.6 or 8.4 mmol/l.
The agents used to stimulate steroidogenesis in glomerulosa cells were high-potassium medium ([K+] 8-4 mmol/l) and serotonin (serotonin creatinine sulphate, Koch-Light Laboratories Ltd, Bucks., U.K.; mol/l) (final concentrations in incubation mixtures). The effect of ouabain (ouabain octahydrate, Sigma Chemical Co., U.S.A.) at two different concentrations, 5 x mol/l and 1 x molll, was investigated in [K+] 3.6 mmol/l medium alone and in the presence of the stimulatory agents. In incubations with zona fasciculata-reticularis cells these experimental conditions were used and in addition ACTH (Corticotrophin Acthar, Armour Pharmaceutical Co.) 10 munits/ml, and cyclic AMP (Calbiochem Pty Ltd), 10 mmol/l, both with and without ouabain. In all cases ouabain, serotonin, ACTH or cyclic AMP were dissolved in 154 mmol/l '"Abbreviations: [K+] , potassium concentration; (K+)i, intracellular potassium ion content; [K+],, intracellular potassium ion concentration; ACTH, adrenocorticotrophic hormone; CAMP, adenosine 3':5'-cyclic monophosphate (cyclic AMP).
sodium chloride, and added in place of the sodium chloride solution in the control incubations.
In some incubations with fasciculata cells, incubation mixtures were also prepared in Teflon beakers in a total volume of 2.0 ml, containing one rat equivalent of cells, and conditions as described by Haning et al. (1970) . These incubations were used to compare corticosterone output with that obtained in simultaneous incubations under the micro-conditions previously described (Mendelsohn &Warren, 1975) .
In two sets of experiments zona glomerulosa cells, and in one experiment zona fasciculata cells, were purified by unit gravity sedimentation (Tait, Tait, Gould & Mee, 1974b ) and used in place of the unpurified cell suspensions. Purified zona glomerulosa cells were also used in incubations with Val5-angiotensin I1 8-amide (Ciba Chemical Co., Horsham, U.K.).
Ouabain dose-response curves
The effect of ouabain in a range of concentrations from to mol/l on intracellular K+ and corticosterone output were investigated in unpurified zona glomerulosa cells. Incubation conditions were as previously described (Mendelsohn & Warren, 1975) .
Statistical methods
Levels of significance between results for different experimental groups were assessed by using a twotailed Student's t-test for paired values and also in some cases by using Dunnett's test for multiple comparisons with a single control (Steele & Torrie, 1960) . Simultaneous assessment of multiple comparisons was also performed by analysis of variance.
Results
The values of intracellular K + content (nmol/ adrenal equivalent), intracellular water space, and the calculated intracellular K + concentration (mmol/l of cell water) for dispersed adrenal cortical cells in control incubations ([K+] 3 6 mmol/l medium) have been summarized in the preceding paper (Mendelsohn & Warren, 1975) . The following results refer to changes in intracellular K+ content and corticosterone output in the presence of agents used to alter steroidogenesis. 
Eflects of high [K+] medium and serotonin on unpurified zona glomerulosa cells
It has been shown (Tait, Tait & Bradley, 1972 ) that two stimuli, serotonin mol/l) and highpotassium medium ([K+] 8.4 mmol/l), produce similar increases in both Corticosterone and aldosterone production by isolated zona glomerulosa cells. Both of these agents have no effect on steroidogenesis by fasciculata cells and may therefore be used as specific stimuli for the glomerulosa cells. The initial part of this study therefore investigated whether these agents produced similar effects on intracellular potassium of unpurified glomerulosa cells. (Fig. 1) mately 20% above control values (24 and 15%), which is comparable with the increase obtained with unpurified cells (1 7 %).
Intracellular K+ contents

Effects of angiotensin II on purified glomerulosa cells (Fig. 2)
In four experiments zona glomerulosa cells were purified by unit gravity sedimentation and used in incubations to compare the effects of [K+] 8.4 mmol/l medium and Val5-angiotensin I1 amide, 777 nmol (800 pg)/ml in [K+] 3-6 mmol/l medium on corticosterone output and intracellular K+. Purified cells were necessary for these experiments since, unlike serotonin and high-potassium medium, angiotensin may stimulate both the glomerulosa and fasciculata cells. The mean number of cells used in each incubation was 1-25 x los (SEM 0.46 x los, n = 4).
In cells 
1.1812, P>0.05).
Corticosterone output in control incubations was 25.9 pmol/h (SEM 3.17, n = 4) and rose to 47.2 pmol/h (SEM 3.72, n = 4) (F1.8 = 23.418, P < 0.005) and 36.9 pmol/h (SEM 1.47, n = 4), (F1,* = 21.26, P< 0.005) with [K+] 8.4 mmol/l medium and angiotensin respectively. The corticosterone output stimulated by angiotensin was not significantly different from that with high-potassium medium (F1.8 = 5'198, P>O.O5).
Ouabain dose-response curve on unpurifed zona glomerulosa cells
The direction as well as the magnitude of the effects of ouabain on steroidogenesis appears to depend on dosage. Initial experiments were therefore undertaken in order to select appropriate concentrations of ouabain for further study.
The effect of a range of ouabain concentrations from lo-* to mol/l on (K+)[ and corticosterone output is shown in Fig. 3 . The effect of ouabain on (K+)[ shows a sigmoid response curve with a threshold dose between and mol/l and graded decrements in (K+)i for higher doses. This contrasts with the effect of ouabain on corticosterone output, where low doses between lo-' and mol/l produced a 10% stimulation and doses of and 1O-j mol/l inhibited corticosterone output. At a dose of mol/l (K+), was depressed but corticosterone output unchanged.
Eflects of ouabain mol/l) on steroidogenesis and inhacellular K+ of unpurifed zona glomerulosa cells
Further experiments were conducted, two doses of ouabain being selected: (a) mol/l and (b) fifty times this concentration, 5 x mol/l. mol/l ouabain was chosen because this concentration of the glycoside appeared to depress (K+)[ but not to affect steroidogenesis of glomerulosa cells. In addition, preliminary experiments with zona fasciculata-reticularis cells (Table 1) suggested that this dose of ouabain did not alter corticosterone output from these cells. Further experiments were performed to evaluate the effect of this dose of ouabain on (K+) [ both in unstimulated glomerulosa cells and in those stimulated with high-potassium medium and serotonin (Fig. 4) . Intracellular water spaces did not alter significantly with any of these manipulations, being 162 nl (SEM 19, n = 5) in [K+] 3.6 mmol/l, 172 nl (SEM 23, n = 5) with serotonin plus ouabain and 178 nl (SEM 13, n = 5) with [K+] 8.4 mmol/l plus ouabain. None of Corticosterone output (Fig. 4) This series of experiments also gave an opportunity to study again the effects of serotonin and [K+] 8.4 mmol/l medium on (K+), and steroidogenesis, since these incubation conditions provided necessary control systems to evaluate the effects of ouabain. The results were similar to those presented above. However, the (K+), of cells in the control incubations (1 5.63 nmol/adrenal equivalent) was lower than in the previous series of experiments (20.04) ; this may be explained by the smaller number of cells in the second series (0.81 x105, SEM 0.11, n = 5). Similarly, the mean intracellular water space of cells in this series of control incubations was proportionately lower at 162 nl (SEM 19, n = 5); the mean [K'], value, 98.8 mmol/l of intracellular water (SEM 8.2, n = 5), was therefore not different from the previously determined value (103.4, SEM 6.0, n = 11).
These results show that ouabain at These results were combined with those obtained for intracellular water space when [K+] 8.4 mmol/l medium and serotonin were used and analysed simultaneously.
It was found, as for the previous set of experiments, that none of these values was significantly different from the intracellular water space found for cells in the control incubations, by the use of paired t-tests, Dunnett's test for multiple comparisons with a control or analysis of variance. Analysis of variance performed on these data showed heteroschedasticity with Bartlett's test (Armitage, 1971 ), but after transformation of the data by expressing each value as a ratio of the intracellular water for the paired control incubation homogeneity of variance was preserved. Analysis of variance of the transformed data demonstrated that the F ratio for variance between groups Addition of ouabain (5 x was not significantly different from the error variance Corticosterone output (Fig. 5) 
Experiments with zona fasciculata-reticularis cells
The following experiments were performed in order to compare the effects of serotonin and raised external [K+] on fasciculata cells as compared with the glomerulosa cells. This was necessary in order to assess (i) the effects of fasciculata contamination on the results obtained with unpurified glomerulosa cells, (ii) whether the changes in (K+), observed with high-potassium medium and with ouabain were specific for glomerulosa cells and (iii) the specificity of the effect of high doses of ouabain on steroidogenesis by the two cell types. ACTH and cyclic AMP were also used to assess the effect of ouabain on stimulated steroidogenesis from the zona fasciculata cells.
Intracellular potassium content. For cells incubated in standard medium with [K+] 3.6 mmol/l (K+)! was 58.8 nmol/adrenal equivalent (SEM 3.13, n = 4) or 535 fmol/cell (SEM 90, n = 4). (K+)i values for cells in experimental incubations were expressed as a ratio, R,, of the value for the paired control incuba- space of cells incubated in [K+] 3.6 mmol/l medium Corticosterone output (Fig. 6) . These experiments was 518 nl/adrenal equivalent (SEM 57, n = 4) or were performed under two different sets of incuba-4.95 pl/cell (SEM 0.98, n = 4). Intracellular water tion conditions, In the first series the incubations to space values for experimental incubations were measure corticosterone output were identical with expressed as a ratio of the values found for the those used to measure (K+), and water spaces except paired control incubations: for cells incubated with that the isotopic water space markers were omitted, serotonin, [K+] 8.4 mmol/l, ACTH and cyclic AMP, and they were carried out in a volume of 0.14 ml, the values were 0.99 (n = 2, replicates 0.94, 1.04), containing one adrenal equivalent of cells. 1.08 (n = 2, replicates 1.09, 1.06), 0.98 (SEM 0.06, Under these conditions corticosterone output from n = 4) and 0.89 (SEM 0.06, n = 4) respectively. These fasciculata cells incubated in standard medium with limited data suggest that intracellular water of the [K+] 3.6 mmol/l was 70.4 pmol/h of incubation per Intracellular water spaces. Intracellular water mmol/l of intracellular water (SEM 12.6, n = 4).
rat (SEM 19.9, n = 4). As expected serotonin and [K'] 8.4 mmol/l medium did not alter corticosterone output from fasciculata cells but ACTH (10 munitsl ml) and cyclic AMP (10 mmol/l) both increased corticosterone output (Fig. 6) .
In the second series incubations were carried out in a volume of 2.0 ml, containing one adrenal equivalent of cells. The corticosterone output from cells thus incubated in standard medium with [K+] 3.6 mmol/l was 40.7 (n = 2, replicates 43.6, 373) pmol/h per rat. The response of cells incubated under these conditions to ACTH and cyclic AMP was greater than those of cells in the small volume incubations.
Effects of ouabain molll) on steroidogenesis and intracellular K + of zona fasciculata-reticularis cells
Incubations were performed with one adrenal equivalent of cells in a total volume of 2.0 ml. Table 1 presents a summary of the results obtained in two separate experiments . mol/l) did not alter corticosterone output from unstimulated cells or those treated with ACTH (10 munits/ml), but depressed intracellular K + . In these experiments ouabain at fifty times greater concentration (5 x mol/l) depressed both stimulated corticosterone output and (K+)* as reported below.
The dose of ouabain
Effects of ouabain (5 x mol/l) on zona fasciculata-reticularis cells (Fig. 6 ) mol/l) caused a steep fall in (K+), of fasciculata-reticularis cells whether used alone in [K+] 3.6 mmol/l medium or in the presence of ACTH or cyclic AMP (Fig. 6) .
Intracellular water space did not appear to change with ouabain. Ratios of values of intracellular water space for the experimental incubations to the volume in the control incubation were 1.05 (n = 2, replicates This high dose of ouabain inhibited the corticosterone output of cells stimulated with ACTH or cyclic AMP whether used in incubations performed in a volume of 0.14 ml or of 2.0 ml.
Ouabain (5 x
Discussion
The output of corticosterone (rather than aldosterone) was used as an index of steroidogenesis in these experiments for the following reasons: corticosterone is produced by cells of both the zona glomerulosa and the zona fasciculata and can be used to measure steroidogenesis in both cell types. In zona glomerulosa cells, the factors regulating the later steps in the biosynthetic pathway, the conversion of corticosterone into aldosterone, are not well understood. There is, however, general agreement that all the known factors which stimulate aldosterone also act at an early biosynthetic step to increase corticosterone production (Tait, Tait, Albano, Brown & Mendelsohn, 1974a) The present results reveal several experimental conditions where changes in steroid output of glomerulosa cells do not parallel those in intracellular K + . In two sets of experiments with unpurified zona glomerulosa cells ( Fig. 1 and Fig. 4) , serotonin did not alter intracellular K+ although it stimulated corticosterone output. However, the unpurified glomerulosa cell preparation is contaminated by 3-5% of fasciculata cells, which, because of their greater relative volume, may represent 2540% of the total cell volume. It might be argued that the presence of these contaminating cells could obscure changes in the response of the glomerulosa to specific stimuli (i.e. K+ and serotonin). For this reason the experiments were repeated with glomerulosa cells purified by unit gravity sedimentation, which are essentially free from fasciculata cells (Tait et al., 1974b) . The results obtained with purified glomerulosa cells confirmed the findings with unpurified cells-that cells whose corticosterone output was stimulated by serotonin did not show a consistent change in intracellular K+ .
Similarly, in a separate series of experiments with angiotensin I1 and purified glomerulosa cells, no increase in (K+), was observed although corticosterone output was significantly stimulated. However, in these experiments angiotensin I1 produced a lessreproducible stimulation of corticosterone output than the high-potassium medium. The dose of angiotensin I1 used in these experiments was selected from previous studies of the dose-response curve, which revealed that this dose produced maximal stimula-tion of corticosterone output (Haning et al., 1970) . This dose is considerably higher than that reported by Cummins & Sayers (1974) and Williams, McDonnell, Raux & Hollenberg (1974) to produce maximal corticosterone output from zona glomerulosa cells; the reason for this difference in doseresponse has not yet been fully deiined. For these reasons these experiments should probably be interpreted as failing to demonstrate a change in (K+)l with angiotensin rather than conclusively excluding such an effect.
The effects of ouabain at various doses also reveals a dissociation between the changes in (K+)l and steroidogenesis of glomerulosa cells. At low doses of ouabain, corticosterone output was stimulated at a time when (K+)l had fallen; higher doses of ouabain (10-4-10-3 mol/l) depressed both measurements. An intermediate dose mol/l) depressed (K+)l but did not change corticosterone output (Fig. 3 and Fig. 4) .
The ouabain experiments therefore reveal two regions of the dose-response curve where changes in do not parallel those in corticosterone output. In the high-dose region steroidogenesis from fasciculata cells is also depressed, indicating that this effect is not restricted to glomerulosa cells and could represent a non-specific toxic effect of ouabain at very high concentrations. Similar biphasic, dosedependent effects of ouabain on corticosterone output have been reported from studies of rat adrenal quarters in vitro (Szaly, 1971) . The mechanism of this effect is not apparent.
These findings differ from those of Wellen & Benraad (1969), who found parallel changes in intracellular potassium and corticosterone output when ouabain was used with calf adrenal cortex slices. This difference could be due to a species difference in the response of the glomerulosa cells or possibly due to difficulties in detecting a region of the ouabain dose-response curve where changes of intracellular K+ and corticosterone output are dissociated, when the intact adrenal is used.
Further investigation of the effects of mol/l ouabain confirmed that this concentration significantly depressed (K+)l but did not alter the basal corticosterone output of glomerulosa cells. Similarly, this dose of the glycoside depressed (K+)l of cells incubated with serotonin but did not alter the stimulation of corticosterone output induced by this agent. This observation makes it highly unlikely that the sole effect of serotonin on steroidogenesis is via increased intracellular K+, since the agent is effective when (K+)l is depressed. mol/l did not appear to be active when external [K+] was raised to 8.4 mmol/l; (K+)l of glomerulosa cells did not change under these conditions and there was no alteration in K + -stimulated steroidogenesis. This suggests that the direct antagonism between external K + and ouabain reported for other tissues (Glynn, 1957; Bonting, 1970 ) also occurs with the zona glomerulosa.
There were two experimental situations where parallel changes occurred in intracellular K+ and corticosterone output: those involving high-potassium medium and those using the high dose of ouabain (5 x mol/l). However, in both instances there was some indirect evidence that the changes in steroidogenesis may not be specifically related to intracellular K+.
Intracellular K+ was elevated by about 17% above the control value after exposure to high-potassium medium in experiments with both unpurified ( Fig. 1 and Fig. 4 ) and purified glomerulosa cells (Fig. 2) . However, there was no significant correlation (r = 0.20, n = 12, P > 0.4) between the rise in intracellular K + and the rise in corticosterone output in individual experiments. Furthermore, with zona fasciculata cells whose steroid output is not responsive to external [K+] (Haning et d., 1970) , a similar (12%) increase in intracellular K + occurred after incubation in high-potassium medium, indicating that this effect is not specific for the glomerulosa.
In the presence of a high dose of ouabain (5 x 10 -4 mol/l), (K+), of zona glomerulosa cells fell to 31% of the control value and corticosterone output was depressed by a smaller degree, to 74% of control values (Fig. 5) . Ouabain (5 x mol/l) also depressed the (K+)l of glomerulosa cells incubated in [K+] 8.4 mmol/l medium but not to the same extent as cells incubated with ouabain at [K+] 3.6 mmol/l medium. Even in the presence of this high dose of ouabain, elevation of the external [K+] resulted in a return of corticosterone output to the control value. This finding suggests that K+ has an effect at the cell membrane in stimulating steroidogenesis which is independent of intracellular K+ .
Glomerulosa cells incubated with serotonin in the presence of ouabain (5 x mol/l) showed a fall in (K+), to 26% of control values, which is not different from that obtained with ouabain alone. The high dose of ouabain completely inhibited the stimulation of steroidogenesis by serotonin and in Ouabain at this respect its effect was different from that on K+-stimulated steroidogenesis, which was only partially inhibited (Fig. 5) . A possible explanation for this difference in the ouabain inhibition of the action of the two agents is that elevated [K+] may inhibit the effect of cardiac glycosides on the adenosine triphosphatase system as reported for other tissues (Bonting, 1970; Glynn, 1957; Wu & Sjodin, 1972) , whereas serotonin may not directly interact with ouabain.
However, this high dose of ouabain (5 x~O -~ mol/l) also inhibited steroidogenesis in fasciculata cells under the same experimental conditions. Corticosterone output of zona fasciculata cells after stimulation differed according to the volume of medium used for the incubations, although the concentration of corticosterone achieved in the medium was similar (3-6 pmol/l). A possible explanation is that increased corticosterone production in the medium may be inhibiting its own production (Peron, Moncloa & Dorfman, 1960) . ACTH and cyclic AMP produced similar increases in corticosterone output and for incubations in volumes of 2.0 ml and 0.14 ml showed 100-fold or 15-30-fold increases respectively. However, in both cases ouabain (5 x mol/l) impaired these responses so that the increases were 50-fold and 10-20-fold respectively (Fig. 6) .
These findings conflict with published data on the lack of effect of ouabain at 5 x mol/l on corticosterone output from intact fasciculata tissue (Muller, 1971; Boyd et al., 1973; Szaly, 1971; Cushman, 1969) . It is possible that the difference between these and the current findings may be due to a higher effective dose, because of more efficient access of the drug to isolated cells in suspension, as discussed below. The present finding that ouabain at 5 x mol/l inhibits steroidogenesis in the fasciculata cell raises the possibility of a direct toxic effect of the glycoside at this dose when isolated cells are used, especially in view of the profound decreases in intracellular K+ produced in both cell types. The effects of ouabain at this dose on steroid output is not therefore valid evidence of a role of intracellular K + in control of steroidogenesis in glomerulosa cells. mol/l) did not affect corticosterone output of zona fasciculata cells either in the basal state or after stimulation with ACTH or cyclic AMP. However, this dose of ouabain did depress (K+)i in these cells. This finding is similar to those for glomerulosa cells with this dose of ouabain.
By contrast, ouabain
The changes in intracellular K + after highpotassium medium or two different doses of ouabain were similar for both glomerulosa and fasciculata cells in this study. However, intracellular K + is not thought to be an important regulating factor in the fasciculata cell since its steroidogenesis is not affected by dietary K+ intake in the intact animal (Muller, 1971) , and alteration of extracellular K + does not affect its steroid output in vitro (Haning et al., 1970; Kaplan, 1965) . The similarities found in this study between the glomerulosa and fasciculata cell in their responses of intracellular K + to highpotassium medium are therefore surprising if it were accepted that intracellular K + had a special role in control of steroidogenesis in the glomerulosa cell. Rather, the similarities in responses of the two cell types might suggest that change in intracellular K + is not a primary factor altering steroidogenesis in either cell type.
The similar responses of intracellular K + in both glomerulosa and fasciculata cells explains why the results obtained with purified glomerulosa cells were similar to those with the unpurified glomerulosa preparation (Fig. 1) . However, this similarity in responses of (K+), in the two cell types cannot be assumed for other stimuli (e.g. ACTH), where purified zona glomerulosa cells will be necessary to investigate the effects of these agents.
A selective difference in the ouabain-sensitivity of steroidogenesis in zona glomerulosa as compared with zona fasciculata cells has been reported by a number of workers (Szaly, 1971; Muller, 1971; Cushman, 1969; Boyd et al., 1973) . This finding has been interpreted as evidence of a special involvement of the plasma membrane Na+-K+-requiring adenosine triphosphatase system or of intracellular K + in the regulation of steroidogenesis by glomerulosa cells. Although these workers have employed a similar dose of ouabain (near 5 x mol/l) to the high dose used in this study, the preparations of zona glomerulosa were different. I t is possible that when adrenal quarters are used (Muller, 1971 ; Szaly, 1971 ) the penetration of ouabain to the deeper and thicker fasciculata tissue might be less effective. Similarly, the effective concentration of ouabain reaching cells in adrenal capsular strippings could be higher than that reaching decapsulated glands (Boyd et al., 1973) .
In the experiments of Cushrnan (1969), however, adrenal cortical slices were used and a difference in drug penetration would appear a less likely explanation of the different actions of ouabain on the two cell types. The use of isolated cell suspensions has the advantage that known concentrations of the drug reach the target cells. This study does not reveal any difference between glomerulosa and fasciculata cells in their response to ouabain. A concentration (5 x mol/l) of ouabain which inhibited steroidogenesis in glomerulosa cells also inhibited the response of fasciculata cells. Similarly, a lower dose mol/l) of ouabain did not affect corticosterone output from either cell type although in both cases it depressed intracellular K+.
The proposal (Davis, 1972 ) that changes in intracellular potassium might be the common final event mediating the effects of various stimuli on steroidogenesis in the glomerulosa cell cannot therefore be upheld by these studies. Only in one situation, exposure to high-potassium medium, does intracellular K+ of glomerulosa cells change in parallel with steroidogenesis, but here the same effect on intracellular K+ is seen with fasciculata cells whose steroid output is unaffected by potassium.
These considerations do not exclude the possibility that intracellular K+ could have some role in controlling steroidogenesis in the glomerulosa cell. It is possible, for instance, that intracellular K+ could modify the intracellular translocation of cyclic AMP or its biological activity at some critical site(s) within the cell. This hypothesis could be invoked to explain the observed interaction of external [K+] with maximal doses of added external, or internally generated cyclic AMP (Tait et al., 1972 (Tait et al., , 1974a . These observations imply that external [K+] can modify the action of intracellular cyclic AMP by some mechanism, perhaps involving intracellular K+, or alternatively that external [K+] can affect steroidogenesis by a mechanism not involving cyclic AMP.
As previously suggested (Tait et al., 1974a) , the control of steroidogenesis in the glomerulosa may be exerted at several different levels in the cell, each of which may involve different mechanisms. Failure of known or postulated mechanisms (e.g. cyclic AMP or intracellular K') adequately to explain alterations in steroidogenesis could be partly explained by their interactions at different levels in the control system or alternatively by the action of unknown mechanisms. Elucidation of these possibilities will require simultaneous measurements of several variables (e.g. steroid output, cyclic AMP, intracellular K+, etc.) rather than simple considerations of one mechanism alone.
